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FOREWORD (U}

- t”’ {(U)The research describad in this report was conducted under
contract #N0COl4-72-C-0303 sponsored by the Office of Naval

{‘, Research (ONR), Naval Applications and Analysis Division

- Code 461. Program Manager is G. A. Heffernan, Capt. USN

and the Technical Monitor is Mr. D. S. Siegel.

{ {(U) This Annual Technical Report discusses research performed
- during the calendar year 1973. Volume I contains the program

details, conclusions, and recommendations. Volume II of
this report contains the unclassified RCS data calculated
for the various airplane configurations studied. Previous
research conducted during 1972 is described in a preceding
Annual Technical Report #D180-14192-1, The Boeing Company,
1973, Secret. All research under this contract has been
conducted within The Boeing Aerospace Company, Research
and Engineeéring Division. The program management is the
responsibility of Mr. J. D. Kelly. The program technical
leader is Mr. G. A. Taylor and the piincipal technical
investigator is Mr. W. S. Hammond.
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1.0 INTRODUCTION (U)

(U)The survival of any military aircraft designed to
operate against radar guided threats, will be influenced by
the aircraft radar cross section (RCS). The probability
of aircraft survival against a given radar guided threat
will be determined by several factors including: speed,
altitude, tactics and active electronic countarmeasures
(jammers, chaff, decoys). The degree cf improvement in
survivability résulting from use of any of these techniques
will be influenced by the aircraft RCS. The lower the RCS
the more effective a given defensive measure becomes.
Obviously, there is a limit to the degree of RCS control
which is both practical and desirable. This level of RCS
is unique to a given aircraft weapon system. However, in
order to achieve an optimum survivability and at the same
time an efficient cost and weight position, the aircraft

RCS should be specified and controlled from the beginning
of the system design process.

P he design of methods for control of the radar cross
section of aircraft has primarily centered about the forward
sactor, nominally *60° from nose-on. The similar angular
sector about tail-on has received secondary attention and
the broadside sector has received the least attention £from
a RCS viewpoint. The de~emphasizing of broadside RCS ig a
result of two major considerations: 1) the operational
factors which have shown that broadside exposure to most
threats is very small and 2) the large broadside sector RCS
values of "typical"” aircraft are, to a large extent,
unmanageable from an RCS viewpoint. Current operational
aircraft will typicually have RCS values ranging upward from
hundreds to thousands of sguare meters in the broadside
sector, (¥30° in azimuth and elevation about aircraft
broadside). However, recent advances in Soviet missile
technology have shown that the broadside sector RCS can be
significant to aircraft survival. The improved speed, range

and maneuverability of Soviet surface-to-air and air-to-air

missiles are such that a broadside shot is feasible for all
but extremely fast targets. This potential threat capability
has created an increasing interest in the control of aircraft
RCS throughout the viewing sector including the broadside
region.
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1. m——ttThe control of the RCS of aircraft has been the subject
of interest in the study reported here and in two preceding
) studies Sponsorfd by the Office of Naval Research with The
L. Boeing Company.4/2 = These three studies have shown the

following:

1) An advanced fighter-attack ailrcraft can be
designed for extremely luw RCS throughout the
entire threat sector with no major cost or
performance penalties.

2) The control of details along the airframe,
parti¢ularly control surfaces, 1s essential
to the design of aircraft to low levels of RCS
(below 1 square meter) in the forward and aft
sactors.

3) Control of the aircraft configuration can
provide for a low RCS (below ten square meters)
in the broadside sector.

(U)The last of the above results is the subject- of . this
report. The research conducted during .this reeent-program as
well as the two preceding studies is designed-te provide a.
fundamental understanding of the RC6-characterxistics of
aircraft. This latest study has developed generalized air-
craft RCS trend data in the broadside secter. This data
provides preliminary design guidelines for selection of a
basic aircraft configuration to satisfy- RCS requiraments
over the broadside =~ctor.

(U)A special class of electromagnetic waves, traveling
waves, are also included in the studies. The influence
of traveling waves on RCS in the broadside sector is shown
to be significant for low KCS levels (below 10 sguare meters)
and means for estimating the traveling wave RCS contributions
are presented.

v

T ome
~

e S & LRI
FE "8

R AN
v
-
L
S it et il oot euL bt o DR e i M £t ke - e e i A it e el e bt i kol B

T -

i

[N SO IRSUMIIPPTRIS SIL SIS, bttt

1
%
.

.
{
1
i




HIEBMP - oy

PrN
i

"LE-.,\
. .

e

-

£

D180-17939~1

(U)The use of radar absorbing material (RAM) Lo achieve a
low RCS over the broadside sectcr has not been emphasized
during this study. The installation of RAM as an integral
part of the aircraft surface will result in a reduction
in RCS in a straight-forward manner. However, the installation
of a variety of materials such as RAM, as part of an airframe
surface can result in substantial increases in the forward and
aft sector RCS. Furthermore, the use of absorbers, without
control of the airframe configuration, is not an efficient means
of control of aircraft RCS and, therefore, will result in
unwarranted weight and cost increases. Therefore, absorbers
are considered for use only as a last resort for control of
broadside RCS. For this study, configuration control is to
be emphdsized. '

(U)The effectiveness of configuration selection as a means
of broadside RCS control is demonstrated during this program
from RCS measurements on a test model of a "Low RCS Airplane”
designed to exhibit RCS control cover the lower hemisphere. This
airplane was developed as a practical concept for an advanced
fighter-attack airplane using present technology.

=4€¥The results of this program serve to further substantiate,
that RCS control is a realizable aircraft design feature and that
the problems associated with RCS control are solvable within
today's technology. Failure to include RCS control where required
for advanced weapon systems, will result in less effective
systems from cost, weight or survivability standpoints. RCS
control can be used in concert with active electronic counter-
measures (ECM) to provide an optimum survivability at minimum
weight and cost. The use of active ECM alone is not, in general,
the mest cost effective means for achieving system survivability
or penetrability. Furthermore, there are instances where
available ECM systems do not have sufficient power to
adequatély protect aircraft without RCS control. 3

(U)The results of this program are summarized in Section 2.0
of this report and the detailed program results are described in
Section 3.0. Tha application of broadside RCS contrel to the "Low
RCS Airplane” is the subject of Section 4.0. The conclusions and
recommendations resulting from this study are summarized in

Section 5.0 and pertinent references are listed in Section 6.0.
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Y 2.0 SUMMARY (U)

(U)The primary objective of this study is to develop a

=, fundamental understanding of the contributors to aircraft

. - RCS in the broadside sector. This is done through a combined
theoretical and emperical approach. The RCS of a variety of
representative aircraft configurations are computed using a
computer program employing a modified geometric optics approach.
These computations ara verified by a comparison with experimental
RCS data taken on a test model. The traveling wave contributions
to the broadside sector RCS are calculated from expressions
derived from emperical data. A set of design guideline data

was then prepared which illustrates the trends in broadside RCS

3 as a function of the airplane configuration. In addition,
preliminary assessment is made of the contributions to

broadside RCS from trawveling waves as well as from specular
reflections. Thase design data are applied to a configuration
which exhibits a low RCS in the lower hemisphere. RCS
measurements on a test model of the final configuratien verify
the low RCS values estimatad.

{UYhe design guideline RCS data relating to specular type
reflections was obtained from computer calculationg on airplane
configurations employing various fusalage and empennage geomstries
and different wing locations and sweep angles. Fuselage geometries
studied were circular, elliptical, square and triangular. These
are illustrated in Figure 2.1. The fuselages were all designed
for constant volume. The empennage geometries studied were the
T-tail, V-tail, and tilted twin tail arrangements. Top, centar
; and bottom wing locations with typical subsonic and supersonic
j sweep angles were also included. The RCS for all of the
Lo configurations was computed over the sactor £30° in azimuth ;
about broadside and at roll angles of +30, +20, +l10, 0, ~10, :
-20, and -30 degrees. The plus angles correspond to viewing i
A the aircraft from above. The calculated RCS includes only the :
; electromagnetic energy reflected in a quasioptical manner
: (specular and double reflections). Additional RCS contributiens !
| are present due to traveling wave reflections. These RCS i
contributions are examined separately. ;

|
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(U)The average RCS over a ten degree azimuth intergal
was_computed at each ten degree azimuth angle (0°, +10

+20° and +30~ from broadside) for the various aircraft
geometries studxed6 Thlg comp tatlog was repeated for

each roll angle; , 210 +20 ’ +30 The total broad-
side sector RCS is then characterlzed by seven roll angles
and an average over a ten dearee azimuth sector for seven
azimuth angles at each roll angle. These foEty-nLne values
are further dlvsded ¢nt8 the upper sector (0~ to +30°) and
lower seotor (8 ™) consisting of twenty-eight _
values each (0 roll belng common to each sector). Com-
parison between configurations is made based upon the
arithmetic average of the ten degree average RCS values
over the upper, lower and entire sector. These averages
are determined by adding the twenty eight or forty-nine

RCS values (depending on the sector) in square meters and
dividing by the appropriate value. These averages are then
converted to decibels relative to one square meter (dbsm)
for presentation. Similarly the ten degree average RCS

at each azimuth angle is plotted for each roll angle in
dbgsm as shown in Figure 2-2 for the triangular fuselage
with a bottom-mounted supersonic wing. This data is at a
frequency of 12 GHz. The sector average RCS values are
alsoc shown. The upper sector average RCS at 2, 4 and 12
GHZ is shown in Table 2-1 for the four fuselage shapes,
three wiag locations and two sweep angles. Similar data
for the lower sector and the entire sector are shown in
Tables 2-2 and 2-3 respectively.

(U)The RCS calculations were checked against thr measured
RCS from a model of the circular Lody center subson.c wing
configuration. The model alzo had a conventional T-tail.
The agreement between measured and computed RCS for this
model is, in general, good. Thare are obhservable discrepan-
cies at some aspect angles which are attributed teo traveling
wave reflection. A subsequent investigation of traveling
waves served to substantiate this conclusion. The computed
RCS averaged over the broadside sector agrees with the
measured data within Z.5 decibels.

(U) The influence of the empennage geometry on the broad-
side RCS was established for single tail, V-tail and twin
tail configurations. The sector average RCS for each of
these are shown in Table 2.4 for the top, bottom and entire
broadside sector. These averages are obtained by averaging
the RCS in square meters and then converting the average in
decibels relative to one square meter (dbsm). This process
is used throughout this report.
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E®™uring the preceding study under this contract, an expression
for calculating the traveling wave reflections from flat
rectangular plates, was developed. This current program has
axpanded on that work and has examined plates terminated with right
angle and cylindrical surfaces of various sizes. This work was
motivated by the cbservable discrapancies between RCS data
measured from s model and that calculated from a computar program
which can predict geometric optics returns but not traveling wave
veturns. In addition to plate terminations, the influence of
plate curvature on traveling waves was also examined. The
results of the plate studies show that the RCS dus to traveling
wave raflection can, at specific viewing anglas, approach hundreds
of square maters. The average RCS over the entire broadside
sector will be much lower (near one square meter) for the traveling
wave reflections but they can still be significant to a low RCS

design.

"™SThe specular and traveling wave RCS contributions were used
as design guidelines to select the configuration of the aircraft
shown in “igure 4.1. This is a photograph of a model of the "Low
RCS Rirplane" conceivad during a previous Navy program at Boeing.
The RCS of this configuration was originally estimated to be 10
square meters avaraged over the lower (0° to =~30° roll) bLroadside
sector. This original estimate was based upon a very simplified
analysis. The design guideline data developed during this latest
program has shown that the average RCS of the airplane should be
below the 10 square maters originally estimated. This conclusion
is verified from RCS measurements on the model shown in the Figurae.
The RCS of this model was measured at a frequency corresponding
to 4 GHz. The ten degree median RCS of this airplane does not
exceed 10 square meters at any point in the lower (0° to -30°
roll) broadside sector. The average of the ten degree median RCS
over this sactor is near 2.0 sguare meters. This RCS is about a
factor of ten lower than for a conventional aircraft. This
indicates a gufficient degree of RCS control to enable use of
active ECM systems to protect against radar guided threats.

This makes possible a degree of survivability which is not
possible for conventional aircraft within today's technology.
This improvement in RCS is at minimal cost and with no significant

performance decreasae.
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( Additional RCS reduction can be rcalized by applying
absorber treatments. Hgwever, in order to achieve another
factor of ten reduction in the broadsida RCS an extensive
absorber treatment is required. The markedly low leval of
RCS achieved in the broadside sector indicated that this
dagree of treatment is not: warranted for this particulaxr
airplane. However, other aircraft may very well require
additional RCS control and extensive absorber may be
readily justified.

=¢te’The results of this study have shown that substantial
broadside RCS contxol is attainable by careful control of
the airmlane configuratioa. The results also indicata the
existence of sufficient traveling wave reflections to warrant
concarn at low levels of RCS. Control of thase reflections
is readily achieved by appropriately shaping and terminating
planar surfaces. In general, the control of aircraft RCS in
the broadside sector is shown to be feasible and practical.
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3.0 Technical Approach (Uj

(U)A supersonic fighter aircraft configuration developed
during the Boeing participation in the Navy HIPAAS Program, was
chosen as the baseline airplane for this study. A series of
configurations having the same wolume, wing and tail area as
tha baseline, wara modeled on the computer. The RCS was
calculated at each point of the broadside sector for each of
the various configurations of fuselage shape, wing .shape and
location and empennage geometry. The computer calculations werae
verifised by experimental analysis on a scale model of one con-
figuration. . An analysis was also made to determine the influence
of traveling waves on the RCS in the broadside sector.

(U)The design guideline data obtainad for the various
configurations was used, along with guidance from structures,
aerodynamics and propulsion personnel, to configure a "Low
RCS Aircraft".

3.1 Methodology (U)

(U)The supersonic fighter aircraft proposed b7y Boeing on the
Navy HIPAAS project is shown in Fiqure 3.1. It is 60 feet long
with a subsonic wing span of 45 feet. 1In order to develop tha
various configurations for this study, the engine inlets and
canopy were removed from this aircraft and drawings then made
at each section so that the area was presaerved but the shape
modified. Thus, the volume of the aircraft was not changed but
the outer surface of the aircraft modified to reflect thae
various fuselage shapes under study. The 1/8th scale modsl
shown in Figure 3.2 was built from the circular fuselage drawings
so produced. The same drawings were used to define the aircraft
for the computer calculation of the RCS.

{(U)The RCS of the model was measured at 33 GHz on the 1000
feet outdoor RCS range, to obtain 10° medianized "CE values
over the broadside sector. The measured medianized RCS valu
wera compared to the computer calculated values to verify the
utility of the computer program for determining the RCS of

undeay atudy
gruay.

this and the other configuratiens undexr
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Figure 3-1: Supersonic HIPAAS Airplane (u/
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3.1.1 Aircraft Definition (U)

(U)Nine body sections were taken from the HIPAAS aircraft
drawings. The canopy and inlets were removed and the area of
each section then determined by a planimeter. The section
area was kept constant for each of the different fuselage
shapes subsequently developed, circular, square, triangular
and elliptical. 1In addition, sharp corners were not allowed
on the triangular and square bodies. The corners were rounded
with a minimum (full scale) radius of curvature of 5 inches.
The area of each sector was maintained constant to compensate
for the rounded corners. Th. tail was included with no
changes from the HIPAAS drawings. The variable sweep wings
were convaerted to two separate wings ~ one supersonic and one
completely subsonic. The wings maintained the basic airfoil
shape, but wera made symmetrical top to bottom. This was
for ease of definition of the computer model. The circular
fuselage configuration was constructed to one-eight scale of
the computer model and the RCS determined by measurement and
computation respectively.

3.1.2 Computer Analysis (U)

(U)The various airplane configurations were described as a
series of curves and sgtringers for computer input. Each
alrplanc was segmented into components: fuselage, wing,
horizontal stabilizer and vertical stabilizers. The wing,
for instance, is described by 10 curves and 17 stringers.

Each curve is made up of 17 points. The line joining the same
point on each curve is a stringer. These are shown in
Figure 3-3.

(U)At intersection points of the curves and stringers, the
tangents (both aleong the curves and along the stringers) are
determined by the parallel chord method.

(U)A parallel grid of specimen rays are then "thrown" at
the body. This determines which curves and stringers of which
components are visible for each direction of the incident
energy. From this deflnltlon og the visible surface, a much
larger number of rays (10> - 10 are directed toward the
visible surface. Each ray is traced using the rule: angle
of incidence equals angle of reflection, up to and including
double reflections. The normal at each point of the surface
where the ray strikes, 1g determined by warped :urface
interpolation.
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(U)A radiation sphere is then centered on the body. It
is divided into 1,252 elements of surface area, each
measuring approximately 33 square degrees. Each reflected
ray is traced to determine which element (angular box) of
the radiation sphere through which the ray passes. The
relative phase of a particular ray is determined by com-
paring the path length of that ray with the path length
of the "reference ray" The reference ray is reflected
from an infinitesimal sphere located at the origin of co-
ordinates in the direction of the given ray.

(U)Each ray is treated as a Poynting vector and is con-
sidered to carry a unit of power. Since the energy is co-
herent and polarized, phase and polarization must be respect-
ed in the summation of the reflected rays toc yield the energy
of a given polarization reflected in a given direction. The
magnitude of the phage sum in each of two orthogonal polari-
zationg is proportional to the scattering cross section for
that pclarization at the nominal angle of the angular box.
This gives the RCS for a particular incid e angle.

(U)This procedure was repcated at each of the angles of
interest in the broadside sector for each of the different
airplane configurations under 00851deratlon. Thus, the RCS
was datermined at 49 points (+ in azimuth by +30° in
elevation in 10~ intervals) of the broadside sector for each
configuration. Four fuselage shapes, circular, triangular,
square and elliptical, were compared for the different wing
locations -~ bettom, center and top, and two wing shapes -
supersonic¢ and subsonic. Aldc iucluded in the configuration
studies were various empennage geometries including the
normal T-tail, V-tail, and twin tail shown in Figure 3.4.
These were compared only for the circular fuselage shape and
a centered subsonic wing. The results are tabulated in
Section 2 and digcussed in Section 3.2.

3.1.3. Wing/Empennage Fairir- s (U)

(U)The circular fuselage model shown in Figure 3.2 was
made in the Boeing model shop. The right side of the model
had metallic fairings inserted at the wing and tail joints
to the fuselage. . Azimuth patterns for seven different roll
angles (from =30~ roll to +30° roll) were taken. The
effiect of the fairlngs on the broadside sector ten degree
median RCS is shown in the following two figures. Figure
3-5 shows the ten degree median RCS for each of the roll

gles for vertical polarization without fairings. Figure
3-6 is the RCS values for the same roll angles and polari-
zation for the same circular body airplane with fairings -
both at +33 GHz. The fairing effccts are most noticeable
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TWIN TAIL

Figure 3-4: Empennage Geometry (U}
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(1)

at vertical polarization due to the presence of trave'ing
waves at this polarization. These waves are discussed in
Saction 3.l1l.5. The fairings show a reduction in RCS over
the majority of the broadside secter.

3.1.4 Computer Model Verification (U)

(U)The RCS of the circular body model was measured as
discussed above at 33 GHz for the sevan different roll
angles. The 10° median values in the broadside sector
were determined and compared with the computer calculated
RCS valuer for both horizontal and vertical polarizations.
The RCS for the individual roll angles is shown in Figures
3~7 for the computed values, Figure 3-8 for the vertical
polarized measured values and Figure 3-9 for the hori-
zontally polarized measured values.

(U) when the range measurements were taken, it was only
possible to obtain a -25 dbam tower plus background level
due to the weather. Thus, it was not possible to obtain
accurate median RCS values lower than about -20 db. This
accounts for the large differences at the extreme angles
fore and aft of the sector where the computed values are
quite low.

(U)Generally, the agreement is very good for values of
RCS higher than the measurement background. For the
measured vertical polarization results, the values at :r_loO
in azimuth about the left broadsidae, are higher dus to the
traveling wave discussed below. The agreament obtained
between the geometric optics RCS computer program and the
range measured RCS values demonstrates that the trend data
obtained by the program for the various fuselage shapes
and wing shapes and locations, accurately reflects the
differences in aircraft RCS due to the configuration.
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3.1.5 Traveling Waves (U)

(U)The varicus experimental tests conducted during this
program have clearly established the presence of RCS
contributions from other than specular or quasi-optical
elactromagnetic reflections. These RCS contributions occur
at near grazing incidence for electric fields oriented
normal to a planar surface. These are attributed to
reflections of "traveling waves" by discontiniities along a
plane surface. The terms "traveling wave" and "surface
wave" are frequently used to describe electromagnetic waves
propagating along a boundary between two media.

(U) "surface wava" is a class of waves propagating along
a general surface with a propagation constant comprised of

a attenuation factor, a and phase factor 8 . The propagation

of a surface wave will depend on the surface characteristics.
The surface impedance (Z_wm= R_+ jX) is frequently used to
describe a surface and iR tufn th propagating characteristics
of the various surface wavas which can propagate along a
plane surface. A metal surface of infinite conductivity
will have a surface impedance Z_ = 0. However, the largs

finite conductivity of actual métals will result in a surface

impédance R_ + jX_ where R_ and X_ are slightly greater than
zero. This Specigl case of a surface wave along a surface
of high conductivity could correspond to a traveling wave
along a metal surface.

(U)There is no well-established consensus as to the
definition of a traveling wave as opposed +0 a surface wave.
A wave traveling along a metal surface does not bshave as a
surface wave along an impedance boundary. The rata of
decay of the fields away from the surface appears to
be more rapid for a metal surficg than would be expectad
based on surface wave theory. '

(U)To clarify the following discussions the terms as
used in this report are defined as:

PPt [Py RPN

(Y mo VL e o
v/ Traveling waves are e.isctir

propagating along .a high-co
relativaely flat metal surfa

magnetic w
nductivity
cea.

(U) surface waves ar. defined as propagating along
a general impedance boundary and may or may
not include traveling waves as a special case.
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(U) The definition of these two types of electromagnetic
waves 1s germane to the subject of aircraft RCS as both
types can constitute major sources of RCS. Traveling waves
(as defined) can exist along the flat metal surfaces of an
aircraft and upon reflection (and radiation) can provide
substantial RCS levels. Surface waves can exist along
{or within) various dielectric surfaces (radomes, absorbers,
windows) as well as along non-planar metal surfaces. These
surface waves also contribute to the aircraft RCS upon
reflection and radiation.

(U)The traveling waves are considered the more predominant
RCS contributor of the two wave types due to the large amount
of metal surfaces present on most aircraft. However, in the
case of the AGM-69-A (SRAM) missile a dielectric heat shield
was applied over the missile body and a substantial surface
wave was supported. This wave was a major contributor to tha
SRAM radar cross ection. The control of the SRAM RCS to the
extremaly low levels attained, required that the surface wave
reflactions be carefully controlled.

(U)The significance of traveling waves to airplane RCS is
determined by the level of RCS desired. The earlier studies
conducted under this prasent contract show that traveling wave
reflections can be significant far aircraft designed to have
an RCS below 1 square mater in the forward and aft sectors.
However, it was felt that the traveling wave RCS contribution
in the broadside sector would be of lasser significance due
to the large specular reflections normally present. The
results of this present study indicate that the traveling
wave RCS contribution is, in fact, much more substantial
than previously expected, especially in the broadside sector.

(Uburing the preceding study, the following expression
was developed to calculate the traveling RCS from a flat
plane surface:

=]0W XYF(G) G(¢)

F(e) = cosa[z(a + 6,.,)] sin? [(2'" L//\) sin? 1T/‘I 6/2)_\
G(g) {cos ¢ s:.n(w W/ sin¢/( (4TT w/)‘) sin @))]

An

L = Plate length

W = Plate Width

e, = Position of lobe maxima from surface normal
Y = Raflaction factor

A = Wavelength
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(U)The G ( ¢ ) expression has been added to the previously
reported formula and is based on the obserwvec dependence of
the traveling wave RCS in the ¢ planc. The coordinate
gystem (8 ¢), is shown in Figure 3-1l0 as are illustrations
of some typical traveling wave reflections from flat plates.

(U)The preceding expressions are not.intended to repre-
sent a rTigorous analysis of the traveling wave phenomena
but are a means for estimating the approximate level and
spatial distribution of the RCS due to traveling wave refiec-
tions from adges of flat planar surfaces. The accuracy of
the expression will not be addressed herein other than to
note that good agreement has been observed between the RCS
calculated using thess expressions and measured. RCS data
on saveral flat rectangular plates.

(U)The texrm Y is a 2 lection factor which has been
arbitrarily defined as a multiplying power factor detsrmined
by the termination guoc wtry at the rear of the planar
surface. A zero height abrupt edge is defined here to
have a unity reflecction factor.

(U)The pravious studies under this contract have studied
flat plates with a zero height (Y = 1) termination. The
RCS from these plates due to traveling waves are, in general,
below 1 sguare meter. However, the wing and empennage
surfaces of an airplane have near planar surfaces which are
terminated at the fuswlage in other than an abrupt edge.
Therefore, it was necessary to determine a xelationship be-
tween the traveling wave reflection factor ( Y ) and the
terminating geometry in order to estimate the traveling wave
contribution to the RCS in the broadside sector.

(U)A series of one foot by two foot rectungular flat plate
test models were built with right angle termination of
1/16, 1/8, 1/4, 1/2 and 1 inch height. The magnitude of the
traveling wave reflection was then measured for each
texrmination and the ratio ( Y ) to the reflection from a
zero height termination was established. The results of
these tests are shown in Figure 3-11. In addition, the Y
for twe cylindrical terminations with diameters of 5.3 and
12.5 wavelengths ware measured and are also shown. The
tests show that a Y of 100-200 is associated with an
abrupt termination over 1.5 wavelengths high. This is
clearly the case for the wing and tail surfaces which are
terminated abruptly at the fusaelage. This would be the
case for most aircraft of convantional designs.
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(U)A reflection factor of 100-200 can result in traveling
wave reflections which reach levels near 100 square meters
for typical aircraft wing or tail surfaces. This large RCS
is normally confined to a relatively narrow angular sector.
Inasmuch as a radar will "view" a target over an angular
sector on the order of 5 or 10 degrees, it is logical to
use average values of RCS over similar angular sectors.
Therefore, the traveling wave reflection was calculated over
a ten degree solid angle for rectangular flat plates as a
function of plate length and width. This average RCS is
shown in Figure 3-12 for a Y of 100. The average traveling
wave reflection is directly proportional to Y as defined.
An average RCS due to traveling wave refiections near 10
square meters is representative for many regions on an air-
craft. This level is not significant to the total RCS of
typical aircraft where the average ten degree RCS will ex-
ceed 100 square meters. However, a 10 square meter RCS can
be significant for an aircraft designed to have a low RCS
(below ten square meters). Therefore, whenever possible
flat surfaces should be terminated with electrically smooth
transitions which have a low traveling wave reflection
factor (%Y ). '

(U)Traveling waves will propagate along a curved sur-
face although energy is radiated continuously as the wave
propagates. The amount of radiated energy is determined
by the radius of curvature of the surface relative to the
radar wavelength. A measure of the amount of radiation
occurring for a traveling wave along a curved surface was
obtained through a series of RCS measurements on curved
plate models.

(U) This experiment was conducted by curving 1 foot by
3 foot rectangular plates along the 3 foot dimension. The
peak traveling wave return reflected from the terminating
edge of each plate was measured and compared to that from
a flat plate. The traveling wave returns become difficult
to identify as the radius of curvature of the plates decrease
below 100 wavelengths. Therefore, the curvatures were
restricted to values between 100 and 1000 wavelengths. The
traveling wave returns were measured for three different
right angle plate terminations of different heights. The
resulting RCS for each plate is shown in Figure 2-13 as a
function of radius of curvature of the surface. The curve
drawn through the points is to show a general trend. More
data is required to establish an exact dependence of the
traveling waves on curvature. However, it is apparent
from the data shown that a factor of ten reduction in
traveling wave RCS is likely for surfaces having a radius of
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)
curvature below 100 wavelengths. The RCS from aircraft due
to travel%ng wavaes appears to be predominately from thz flat
surfaces. This is apparently due to the rapid decay in the

traveling waves with curvature as noted.

(U) The influence of traveling waves on broadside RCS can
be seen by comparing Figures 3-7 and 3-8. The computed
specular RCS of the circular fuselage ailrplane is shown in
the plot of Figure 3-7 and the similar measured RCS is shown
in Figure 3-8 for a vertically polarized radar. The planar
surface of the horizontal stabilizer and wing should con-
tribute a traveling wave return at aspects near ten degrees
from broadside towards tail-on. A "peak" in the RCS for
the measured RCS (Figure 3-8) appears near ten degrees from
broadside sector. This "peak" is not predominate for either
the computed specular RCS or for the measured RCS at hcri-
zontal polarization (traveling waves will not propagate
along a horizontal surface for horizontal polarization).

The values shown in the Figures are the model RCS at 33 GHz.
The full scale airplane would be a factor of 64 (18 db)
larger and the frequency would be 4 GHz. The "plateau" 2
shown in the measured data for levels near -20 dbsm (.01 M%)
is due to the limiting "background" of the measurement system.

(U)The influence of the traveling waves on the broadside
RCS can be minimized by fairing the various joins and termi-
nations for the critical airframe surfaces. It is important
that the presence of the traveling waves be kept in mind
when considering RCS control. Failure to account for travel-
ing wave reflections can result in unwarranted increases

in the RCS levels.

3.1.6 Absorber Installations (U)

(U)The use of radar absorbing material (RAM) to control
RCS in the broadside sector presents several unique problems.
If RAM is the only means of RCS control employed (i.e., no
shaping or configuration control) then a very high degree
cf absorption (20-30 db) is necegsary to provide a sizable
reduction in RCS. This in turn implies a fairly thick
material for high absorption at lower micro-wave frequencies
(1-4 GHz). The installation of ehsorbers as part of the
airframe surface can create surface discontinuities between
the edges of the RAM and adjacent structure. These surface
discontinuities will constitute points of reflection for the
electromagnetic waves propagating along the surface. These
reflections can be subsgtantial and of significance at low
RCS levels (below 1 square meter). A praliminary study
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(U) into the RCS characteristics .of absorber installations
was made using the test fixture of Figure 3~14. This fixture
consists of a wedge terminated in a half-cylinder. A one
foot by one foot section on one side of the wedge is designed
with a recess to accommodate various thicknesses of absorbers.
The RCS of different absarbers installed flush to the wedge
) surface was measured in the plane normal to the axis of the
L cylinder. The traveling wave/surface wave reflection froum
the absorbers tested ware observed at aspects near edge-on
to the wedge. The different absorbers tested are shown in

P e .
X,

.

il e itd vak P3RS .

ottt b i

bl

{7. Figure 3-15. The features of each are listed below: 3
Absorber Thickness ' Type i
{w{ B~-X 0.1 Carbon impregnated rubber -~ surface wave
CR-124 0.1 Iron impregnated rubher ~ surface wave
An-74 1.0 Carbon impregnated foam ~ sgpacular
{ CA 1.0 Circuit-~analog - specular
" AN-74 HC 1.0 AN-74 encased in honeycomb core and
.020" skin - specular
CR-117 0.1 Iron impregnated rubber - surface wave

(U). The normal incidence and traveling wave absorption
(for the absorber as installed in the test fixture) is shown
i ' in Figure 3-16 for a 3 GHz frequency. The traveling wave
- reflection from the wedge with the surface recessed by one
inch is the reference (0 db) for the traveling wave reflections.
The smooth wedge (zero depth recess) has a reflection about
16 db (a fa:tor of 1/40) below the reflection from the
recegsed surface. The absorbers all show a larger traveling
wave reflection than the smooth wedge. The AN-74HC shows
(. ' a small reflection compared to the other one inch thick
absorbers. This is not the case for similar measurements at
higher frequencies. The interaction between the various
. elactromagretic waves {plane, surface and traveling waves) and
- the absorber is extremely complex. The scope of this particu-
lar program did not provide for the detailed study of absorber

installations necessary to positively identify the techniques
for desiyning an appropriate ahsorber installation. Therefore,
it was decided not to pursue tlhie study of the RAM beyond the
. -preliminary level shown here. However, there are techniques
( t for installing absorbers which intuitively should minimize

- unwanted reflections. The tapering or otherwise shaping of
the edges of an absorber installation will definitely affect
the surface/traveling wave reflections. The definition of
exact designs for minimizing traveling wave and surface wave
reflections awaits the development of a more complete under-
standing of these particular waves. There is no reason to
assume that tnese reflections cannot be minimized in a fashion

similar to the specular or plane wave reflections.
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3.2 Design Guideline Data (U)

(U) Four different fuselage shapes are considered along
with two wing shapes, three wing locations and three different
empennage configurations. The fuselage shapes are circular,
triangular, square and elliptical. Subsonic and supersonic
winqg shapes were considered in low, mid fuselage and high
wing locations. The three different tail configurations
were the ncrmal T-tail, V-tail and twin tail.

(U)The computer program described in Reference 6 was used
to compute the RCS at each point of the broadside sector, for
each cenfigurati n. The RCS was then average over the t
sector, | i.e. +30° in yaw for roll angles of 0, 8 ’ +28
and +30 ’ oger the bottom sector (roll angles of 0 ~-10
-20° and-30°) and over the whole broadside sector. The results
were tabulated and the design guideline data obtained from
the tables.

3.2.1 Fuselage Shape (U)

(U)Four different fuselage shapes were considered: cir-
cular, triangular, square, and elliptical. The HIPAAS super-
sonic configuration was used as the baseline aircraft for
determining the volume of the various fuselage shapes. The
engine inletg were removed and a constant fuselage volume
agsgumed. The body section area cof the airplane was measured
at each station and converted to the four shapes under con-
sideration. Sharp corners were not allowed for the tri-
angular and square shapes. It was assumed that the edge of
the fuselage would have a minimum full scale radius of 5 inches.
The triangular and square areas were compensated accordingly
to maintain a constant volume fuselage. The canopy was also
removed from the HIPAAS airplane in determining the volume of
the fuselage shape on the RCS. All of the fuselage RCS com-
putations were made using the "normal" empennage geometry.

The normal empennage geometry is a T-tail with a centered
vertical stabilizer and two centered horizontal stabilizers
(one on each side). To denonstrate the effect of shape, the
centered subsonic wing was used with the normal: tail, for the
four different fugelage shapes. In Figure 3-~17, the RCS
values (in dbsm) are shown for each of the seven different
roll angles of the sector for the circular shaped fuselage.
Figures 3-18, 3-19 and 3-20 are the same roll angles for the
triangular, asquare and elliptical fuselage shapes respectively.
These results are for a full scale frequency of 4 GHz. The
azimuth angles shown are about the aircraft lett broadside.
Thus, the positive angles are toward the tail and the negative
angles are toward the nose. The averages of the RCS values

|
|
i
i
|
i
|
|
|
|
|
|
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Figure 3.17: Computed RCS - Circular Body - Center Subsonic Wing - 4 GHz (U)
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Figure 318: Computed RCS - Triangular Body - Center Subsonic Wing - 4 GHz (U}
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Figure 3.19: Computed RCS - Square Body - Center Subsonic Wing - 4 GHz (U)
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Figure 3.20: Computed RCS - Elliptical Body - Center Subsonic Wing - 4 GHz (U)
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(U) for the top sector (0°, +10° rgll, +20° and +80o roll
angles) the bottom sector (0°, -10°, -20° and -30° roll) and
the whole sector are summarized in Table 3-1 for the centered
subsonic configuration, for three. full scale frequencies of
2, 4, and 12 GHz.

(U) The change in the average RCS observed at the higher
frequency (12 GHz) is contrary to the accepted hypothesis.
In general, it is assumed that aircraft RCS is not a function
of frequency for large aircraft across the microwave band.
However, this assumption is usually applied to the forward
and aft sectors where the RCS is comprised of returns from
several objects (inlets, antennas, cockpit, etc.). The pres-
ence of numerous scatterers separated electrically tends to
"smooth" or average any variation due to frequency. The
broadside RCS is comprised of returns from discrete regions on
the aircraft (fuselage tail, wing) and each discrete scatterer
may show a frequency dependence.

3.2.2 Wing Location (U)

(U)The RCS of the broadside sector was determined for
three different wing locations. These are bottom, where the
bottom ef the wing is flush with the bottom of the airplane,
centered, where the wing 1s exactly centered for the circular
fuselage, and top where the wing has been moved up as high
as possible without having any part above the top line of the
airplane. Because the mid body location of the wing was
centered based on the circular body configuration, it was
found that this location was relatively high on the fuselage
for the square and elliptical bodies. Thus for these two
configurations, the high wing location did not differ sub-
stantially from the center location. Thus calculations were
not made of the high wing locations ior the square and ellip~-
tical bodies.

(U)The wing itself did not have a true airfoil shape. It
was made symmetrical (top half to bottom half) for ease of
constructicn of the model used to verify the validity of the
computer approach. Typical wing location results are shown
in Table 3-2 and 3-3 for the circular and triangular fuselages.

(U)The top wing location, for circular fuselage, has the
lowest RCS in the top sector of the broadside area. Simi-
larly in the bottom sector, the bottom wing location has the
lower RCS. The tenter wing location has the lowest RCS when
the whole sector is considered.
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TOP SECTOR
i . FUSELAGE SHAPE
- FREQUENCY | CIRCULAR | TRIANGULAR | SQUARE | ELLIPTICAL

. {.. 2 GHz 13.5 13.6 17.1 14.6
LT 4 GHz 11.8 10.5 18.7 13.6

i ; 12 GHz 10.8 5.7 21.4 6.9

.

|
E { BOTTOM SECTOR
f T FUSELAGE SHAPE
l : FREQUENCY | CIRCULAR | TRIANGULAR | SQUARE | ELLIPTICAL
i '
; o 2 GHz 9.8 9.4 18.7 9.3
E 1‘ 4 GHZ 7.4 6-5 1908 .
A 12 GHz 5.2 4.6 20.9 7.4
!
rlg
i i
s

, ENTIRE SECTOR

% FUSELAGE SHAPE _

1 FREQUENCY | CIRCULAR | TRIANGULAR | SQUARE | ELLIPTICAL
Ly 2 GHz 11.9 11.9 17.9 12.8
S 4 GHz 10.4 9.1 19.6 12.1
; 12 GHz ' 9.2 5.5 21.7 7.5
|

(values are in dbsm)

L
A

TABLE 3~1 FUSELAGE SHAPE EFFECTS -

€

CENTERED SUBSONIC WING (U)
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TOP SECTOR
SUBSONIC WING LOCATION
FREQUENCY CENTER BOTTOM TOP
2 GHz 13.5 17.7 14.6
* GHz 11.8 17.9 10.7
12 GHz 10.8 16.8 6.0
BOTTOM -SECTOR
SUBSONIC WING LOCATION
FREQUENCY CENTER BOTTOM TOP
2 GHz 9.8 9.1 14.9
4 GHz 7.9 7.3 16.6
12 GHz 5.2 4.1 17.3
ENTIRE SECJOR
SUBSONIC WING LOCATION
FREQUENCY CENTER BOTTOM TOP
2 GHz 11.9 15.6 15.0
4 GHz 10.4 15.7 15.1
12 GHz 9.2 14.5 15.1
(values are in dbsm)
TABLE 3-2 WING LOCATION EFFECTS -

CIRCULAR FUSELAGE
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TOP SECTOR

SUBSONIC WING LOCATION

FREQUENCY

CENTER BOTTOM TOP
2 GHz 13.6 14.3 13.3
4 GHz 10.5 11.2 10.4
12 GH:« 5.7 5.3 5.5
BOTTOM SECTOR
SUBSONIC WING LOCATION
FREQUENCY CENTER BOTTOM TOP
2 GHz 9.4 B.
4 GHz 6.5 4
12 GHz {.6 .1 .
ENTIRE SECTOR
SUBSONIC WING LOCATION
FREQUENCY CENTER BO1T'TOM TOP
2 GHz 11.9 12.1 11.4
4 GHz 9.1 9.0 8.6
12 GHEz 5.5 3.7 4.2
(values are in dbsm)
TABLE 3-3 WING LOCATION EFFL"TS

TRIANGULAR FUSELAGE
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(U) The results for the triangular fuselage for each sector
show less variation between the top, center and bottom locations
than for the circular fuselag However, the bottom wing loc-
ation has the largest variatic.a in the bottom sector. The
RCS for this configuration is significantly lower than for
the center or top wing locations.

3.2.3 Wing Sweep (U)

(U)Two wing sweep angles were investigated for the different
fuselage configuratiugs. Thege were a subsonic wing and a
supersonic wing at 20° and 70" from the normal to the broad-
side, respectively. The wing dimension of the HIPAAS aircraft
was used ror both shapes. Because of the length of the join
between wing and fuselage, it was only possible to determine
the RCS of the wing in a top body location for the triangular
fuselage. For all othar configurations the RCS in the broad-
side sector was calculated for the center wing and bottom
wing locations only.

(U)The RCS results for the triangular fuselage with the two
wing sweep angles for the center and bottom wing locations are
shown in Tables 3-4 and 3-3. .

(U)The RCS is lowest in the bottom sector for both a bottom
wing and a centered wing. For the bottom wing location, both
subsonic and supersonic wing gives a significantly lower RCS
in the bottom sector. The wing sweep study demonstrates that
the broadside RCS is generally higher for a supersonic wing.
However , the RCS can be controlled at a lower level by choosing
a wing fuselage join which permits very little corner reflec-
tion effect, as in the triangular fuselage case.

3.2.4 Empennage Shape £U)

(U Three different empennage shapes were studied to show
the effect on the broadside sector RCS. The circular body
with the centered subgonic wing was used as the basis for
the study and the different empennages add:d. Tho normal tail
agssembly is the T-tail with a centered vertical and centered
horizontal gstabilizers at the rear of the fuselage. The V-
tail has only two stabilizers extending from the center rear
of the fuselage up and out each side of the aircraft at a 45°
angle from the horizontal. The twin tail has the same hori-
zontal stabilizers as the normal tail. The two vertical
gtabilizers are about 15% smaller than the normal tail, and
are located above the horizontal stabilizer and f£lush with
the edge of the fuselage. The tops are tilted in teward the
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TOP SECTOR

WING SWEEP - TRIANGULAR BODY

FREQUENCY SUPERSONIC WING SUBSONIC WING
2 GHz 14.7 13.6
4 GHz 14.5 10.5
12 GHz 21.5 5.7
BOTTOM SECTOR
WING SWEEP - TRIANGULAR BODY
FREQUENCY SUPERSONIC WING SUBSONIC WING
2 GHz 9.5 9.4
4 GHz 7.2 6.5
12 GHz 8.1 4.6
ENTIRE SECTOR
WING SWEEP - TRIANGULAR BODY
FREQUENCY SUPERSONIC WING SUBSONIC WING
2 GHz 12.8 11.9
4 GHz 12.6 9.1
12 GHz 19.3 5.5
{(values are in dbsm)
TABLE 3-4 WING SWEEP EFFECTS -

CENTER LOCATION (U)
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ilded. Ty 1«.1

L - i o

i iy 8. 2 b b il

TOP SECTOR
WING SWEEP - TRIANGULAR BODY
FREQUENCY SUPERSONIC WING SUBSONIC WING
2 GHz 14.5 14.3
4 GHz 12.0 i1.2
12 GHz 5.3 5.3
BOTTOM SECTGR
WING SWEEP - TRIANGULAR BODY
FREQUENCY SUPERSONIC WING SUBSONIC WING
2 GHz 8.4 7.8
4 GHz 4.7 3.2
12 GHz 1.4 0.1
ENTIRE SECTOR
WING SWEEP - TRIANGULAR BODY
FREQUENCY SUPERSONIC WING SUBSONIC WING
2 GHz 12.4 12.1
4 GHz 5.9 9.0
12 GHz 3.9 3.7
(values are in dbsm)
i -
L
E TABLE 3-5 WING SWEEP EFFECTS -
i BOTTOM LOCATION (U)

T e
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(U) center at an angle of 15°. The results of the broadside
RCS for the empennage assemblies are given in Table 3-6.

(U) The normal tail has the highest RCS lavela due to the
scattering from the large vertical stabilizex. The V-tail
contributes the smallest RCS in the broadside bacause in
this sector, there is little geometric optics scattering
from this empennage configuration.

(U) The twin tail has a smaller broadside RCS than the
normal because of the gmaller size of the vertical stabilizer
than the normal tail. From a strictly RCS viewpoint, and con-
sidering only the broadside sector, the V-tail is the pre-
ferred ampennage configuration.
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TOP SECTOR
EMPENNAGE
FREQUENCY SINGLE TAIL V-~TAIL TWIN TAIL
2 GHz 13.5 7.4 10.1
4 GHz 11.8 6.8 8.1
12 GHz 10.8 5.5 6.9
BOTTOM SECTOR
EMPENNAGE
FREQUENCY SINGLE TAIL V-TAIL TWIN TAIL
2 GHz 9.8 8.5 8.4
4 GHz 7.4 7.6 7.1
12 GH:z 5.2 3.1 5.7
ENTIRE SECTOR
EMPENNAGE
FREQUENCY SINGLE TAIL V-TAIL TWIN TAIL
2 GHz 11.9 . 9.7
4 GHz 10.4 7.4 B.0O
12 GHz 9.2 4.8 6.7
(values are in dbsm)
TABLE 3-6 EMPENNAGE EFFECTS ()

32

UNCLASSIFIED

AP et b L v imram n oMl A 1Doe e o BaE wea bbb




- o

=
X

&
,.i.m

’.;;w.

pria

UNCLASSIFIED

D180-17939-1

4.0 DESIGN GUIDELINE APPLICATION (U)

(U} All available RCS data was used to design a fighter
attack aircraft which would have a low RCS signature -
egpecially in the broadside sector. A model of the proposed
aircraft was built and the RCS measured on the range.

4.1 Low RCS Aircraft Design Selection (U)

(U) 1In designing the low RCS aircraft for this study, the
bagsic purpose was to have an aerodynamically stable, high
perfosmance aircraft with a low RCS in the lower sector (0°
to 30~ below the yaw plane). The results, summarized in
Table 3-1, indicate that a triangular fuselage has the lowest
RCS in the bottom broadside sector for both subsonic and
supersonic wings. The wing location studies tabulated in
Table 3-2 and the Summary indicate that the low wing location
results in the lowest RCS in the broadside sector. The study
on fairings in Figures 3.8 and 3.9 demonstrate that it is
desirable to fair the wings into the fuselage to maintain a
low RCS. From the results in Table 3-6, the V-tail gives
the lowest RCS in the broadside sector. However, the sta-
bility and control problems associated with a V-tail were
gufficient to offset the RCS advantages. Therefore, the
twin tail was selected. This empennage is only slightly
higher in RCS and subgtantially superior from a flight
dynamics viewpoint.

(U) The aircraft configured from the above design data
is very similar to the aircraft previously proposed as a
"Low RCS" fighter-attack aircraft. Only minor modifications

were required based on the design guidelines developed during
this study.

(U) The fairings between the wing and fuselage and the
empennage and fuselage, were the major configuration details
changed from the previous "Low RCS Airplane" configuration.

These fairings are critical to the control of the traveling
wave reflections.

4.2 "Low RCS Airplane" Model Tests (U)

(u) The one-eighth scale model of the "Low RCS Airplane"
configuration, shown in Figure 4.1l was tested on the RCS
range to establish the broadside sector RCS. The model RCS
was measured at 33 GHz corresponding to a 4.125 GHz full
scale frequency. RCS data was taken at verticaloand h8ri—
z.ntal polarizations at model roll angles of +307, +207,
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Figure 4.1: Low RCS Airplane (U)
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(U) +10°, 0°, -10°, -200, and -30°. The measured RCS was re-
corded on a magnetic tape in digital form at every 0.1
interval. The resulting digital data was subsequently com-
puter procsssed to establish the median RCS over each ten
degree interval and the average of the mgdians oyer the entire
broadsidg sector as well as the upper (0~ to +30° roll) and
lower (0° to -30° roll) sectors.

(u) The resulting median RCS is shown in Figure 4.2 and
Figure 4.3 for vertical and horizontal polarizations, re-
spectively. The median averages for the three sactors were
algo computed and are shown on the figures.

s The lower broadside sector was defined to be the sector

of major emphasis for RCS control for this airplane. The
goal was to keep the sector average below ten square meters
full scale. The ten degree median RCS derived from the meas-
urements does not exceed ten square meterg at any point in
the lower sector. The averages of the 10” median RCS over
the lower sector are 3.5 dbsm (2.2 m2) and 3.2 dbsm (2.1 m2)
and 3.2 dbsm (2.1 m2) at vertical and horizontal polarization,
respectively. These levals are well below the RCS of a "con-
ventional" aircraft. Broadside RCS levels are typically on
the order of several hundred square meters for conventional
aircraft.

——— Contour plots of the RCS in the broadside sector were

produced by plotting the seven different roll angle RCS curves
on a three dimensional grid. The results are shown in Figure
4~4 for vertical polarization and Figure 4-5 for horizontal
polarization. The peak of the horizontal polarization is
much broader than that for vertical polarization. The RCS

is below the 10 dbsm (10 square meters) contour in the entire
lower sector. The RCS exceeds 5 dbsm (3.2 square meters) for
only a small part of the lower sector. A RCS distribution
such as this is extremely desirable from an ECM viewpoint.
Inasmuch as the RCS is fairly low (kelow 10 square meters),
and also confined to a singular "lobe" it is possible to
consider an ECM system which has simple fixed beam antennas.
This type of ECM aystem does not require complex scanning and
direction finding equipment. The aircraft can, therefore,

be effectively screened with a minimal cost and higher reli-
ability due to the lower RCS. This will prcvide for increased
survivability against advanced threats with a broadside shot
capability.
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Figure 4-2: Measured RCS - Low RCS Airpiane (U)
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5.0 CONCLUSIONS AND RECOMMENDATIONS (U)

—— ' The results of this study have established several

conclusions relative to aircraft RCS over the broadside
sector.

1. A substantial control of aircraft RCS over the broadside
sector is possible by careful configuration selection.

2. Broadside RCS can be held to below ten square meters
throughout the majority of the broadside sector.

3. Traveling wave reflections can exceed 100 square meters
peak and can average near 1 square meter over the entire
broadside sector.

4. Traveling wave refilections can be effectively reduced by
careful fairing of all abrupt surface discontinuities.

(u) This study has demonstrated the practical aspen*s and
feasibility of design of aircraft for low RCS over the - ad-
zide sector. The reduction of the RCS controls to pract..e
will require gome additional research. Recommended items for
additional study include:

l. A'rigorous analytical description of the propagation and
reflection of traveling waves and surface waves.

2. Techniques for the control of traveling waves and surface
waves.

3. Effects of wing and fuselage surface roughness and
‘rregularities on RCS.

4. The quantitative benefits to weapon system cost, surviv-
ability, maintenance, reliability and other system para-
meters due to RCS control should be determined for a
selected aircraft.

(u) Item four above is of particular importance since pay-

offs must be demonstrated before RCS controls will be seriously

considered in a weapcn system design. The payoffs to an air-
craft system depend on the particular system, the threats and
the ECM environment. Therefore, the payoffs derived from

RCS wontrxol must be assessed for each individual system.

The RCS controls demonstrated for the "Low RCS Aircraft"

of this study would provide a good basis for a payoff study
a: und some scenario of interest to the Navy. The results
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(U) of this payoff study would clearly demonstrate the nunerous
system benefits for one advanced weapon system. The payoffs
asgociated with RCE control have been alluded to previously.
The few attempts to qualify some of these payoffs have shown
that system cogt savings or survivabil 'ty improvements can

be realized by control of RCS. Howeve., these attempts

have not been either thorough enough or specific enouyh to
firmly identify RCS payoffs.
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